This article measures and compares performance in the accommodation industry across
usage in firms. Arguably, the use of a single output measure for examining the overall performance of an industry may be misleading as it fails to capture efficiency measures in various sections of operations in the industry (for a review, see Coelli, Rao, O'Donnell, & Battese, 2005) .
Given the limitations of the traditional single output measures of efficiency, there has been a shift in research focus toward the use of multiple output-input measures of efficiency. The most common multiple measures of efficiency have been the stochastic frontier (SF) and data envelopment analysis (DEA) methods. In contrast to simple ratios, both DEA and SF provide a more accurate and comprehensive measure of efficiency. In addition, the inclusion of multiple inputs and outputs ensures that different components of operations are captured in the estimation of efficiency (Assaf & Agbola, 2011a,b) .
In the last three decades, a plethora of studies have employed variants of the SF and DEA methodologies in the analysis of efficiency across industries. Studies that have applied the SF and DEA methodologies in the hospitality industry include those by Anderson, Fish, Yi, and Michello (1999) ; Anderson, Randy, and Fok (1999) ; Barros (2005) ; Wang, Hung, and Shang (2006) ; Barros (2006) ; Barros and Santos (2006) ; Chen (2007) ; Barros and Dieke (2008) ; Assaf, Barros, and Josiassen (2010) ; and Assaf and Knežević (2011) , among others. The application of the SF and DEA methodologies also extends to other sectors of the hospitality industry. Studies by Reynolds (2003) and Reynolds and Thompson (2007) examined the restaurant industry, whereas Barros and Dieke (2008) and Assaf et al. (2010) and Assaf and Agbola (2011a) examined the hotel sector, and Anderson, Lewis, and Parker (1999) examined the travel agency sector. These methodologies have also been extended to country-specific analyses and includes studies on the hospitality industry in the United Kingdom (Sigala, Airey, Jones, & Lockwood, 2004) , the United States (Anderson, Fish, et al., 1999; Anderson, Lewis, et al., 1999; Anderson, Randy, et al., 1999) , Portugal (Barros & Alves, 2004; Barros & Mascarenhas, 2005) , and Spain (Pérez-Rodríguez & González, 2007) , among others.
The objective of this article is to estimate and compare measures of efficiency of accommodation service providers across Australian states and territories. Despite a growing number of studies on efficiency in the accommodation industry abroad, studies on Australia have been limited. The few studies that have examined efficiency in the accommodation industry in Australia include those by Assaf and Agbola (2011a, 2011b) . This present study aims to bridge the knowledge gap by empirically estimating and comparing measures of efficiency across the hotel sector, the guesthouse and motel sector, and the serviced apartment sector in Australian states and territories. This study makes four major contributions to the hospitality and tourism literature. First, the study focuses on the Australian accommodation industry whose efficiency measures have not been researched. In a changing global economy, characterized by growing uncertainty, an understanding of the efficiency in one of the growing industries in Australia is pertinent. Second, the study extends the analysis to examine the efficiency in three sectors of the accommodation industry in Australia. No previous study, to by guest on April 29, 2016 jht.sagepub.com Downloaded from the authors' knowledge, has examined efficiency across these sectors. Third, given that each state and territory has its own tourist board, an understanding of levels of efficiency across states and territories will provide strategic information in the formulation and implementation of policy in the accommodation industry. Last, this study models efficiency in the Australian accommodation industry using a Bayesian output distance function framework. The usefulness of this approach over the DEA approach is that, unlike the DEA, it accounts for random error in estimation and it is not sensitive to the choice of inputs and outputs . Furthermore, the Bayesian output distance function allows for the inclusion of multiple outputs unlike the SF and DEA models, which can only incorporate one output in the estimation process. Finally, the Bayesian output distance function imposes theoretical regularity conditions of monotonicity and curvature on the function, thereby making the estimation more flexible than the Maximum Likelihood method often used in the estimation of SF and DEA models.
The rest of this article is organized as follows: The next section provides an overview of the Australian accommodation industry. Then we discuss the methodological framework employed in the estimation of efficiency in the Australian accommodation industry. The data and their sources are described next. The next section reports and discusses the efficiency estimates derived from the application of the Bayesian output distance function to annual data spanning the period 1998 to 2009. This section also reports the regression results of the determinants of efficiency across sectors in the accommodation industry. Finally, we conclude and draw some implications of the empirical findings for policy formulation and implementation in the Australian accommodation industry.
THE AUSTRALIAN ACCOMMODATION INDUSTRY: AN OVERVIEW
The Australian accommodation industry has made an important contribution to the country's economic growth. During 2009-2010, the industry employed around 71,500 direct workers. It also generated a total income of AU$9.9 million. Total industry value added was AU$4.8 million, representing 0.5% of Australia's gross domestic product (GDP). The operating profit before tax for the industry was AU$1.1 million and the operating profit margin was 11% (Australian Bureau of Statistics [ABS], 2010).
The accommodation industry is geographically spread across the Australian states and territories. Three states in the eastern part of Australia, namely, New South Wales (NSW), Victoria (VIC), and Queensland (QLD), account for nearly 76% of total income and attract a large proportion of the total labor employed in the industry. The state of NSW accounts for almost a third of total income (32.8%) and total employment (31.8%). The state of VIC accounts for 19.2% of total income and 19.6% of total employment. Finally, the state of QLD accounts for almost a quarter (23.8% or AU$2,348.4 million) of total income from the accommodation industry in Australia (IBISWorld, 2009 The three major tourism destinations in Australia are NSW, VIC, and QLD. This is because these states are home to some of the most attractive cities in the world, namely, Sydney, Melbourne, Brisbane, and Cairns. These cities have the greatest number of airline flights and are major entry and exit points into and out of Australia. Also important are tourism features and attractions in those states, such as the Sydney Opera House, Great Barrier Reef, Uluru, and Great Ocean Road, all of international significance. The states of NSW, VIC, QLD, and WA also have the largest percentage of large accommodation providers, which is again due to the high concentration of tourism activities in these states. In addition to having some of the largest hotel brands in the accommodation industry, NSW on its own has around 26% of large accommodation properties in Australia, followed by VIC with 22%, QLD with 19%, and finally, WA with 13%.
As mentioned earlier, the focus of this article is to measure and compare the efficiency of three accommodation sectors, namely, the hotel sector, the guesthouse and motel sector, and the serviced apartment sector. Together, these sectors account for more than 70% of total accommodation establishments in Australia (ABS, 2010) . The Australian accommodation industry is generally characterized by a high level of competition due to the existence of many accommodation providers that provide the same service at a cheaper price. Consumers are relatively price conscious and therefore will try to ensure that they receive value for money, and they have a choice of a large number of operators who compete to provide excellent service to their guests. With each state and territory having unique characteristics, particularly in terms of distribution of large accommodation properties as well as the concentration of international tourism, the comparison of efficiency measures would assist in formulating policies that are targeted at specific sectors of the accommodation industry across the states and territories. The identification of the highest performing state or territory can serve as benchmark for developing best practices that can be adopted by low-performing states and territories in Australia.
METHOD
Adopting the Bayesian output distance function, let y R M ∈ + represent the vector of outputs that can be produced using a vector of inputs x R P ∈ + . Following the parameterization of Fare and Primont (1995) , an output distance function can be expressed as follows:
where the functional form is nondecreasing, positive, and linearly homogenous and convex in outputs and nondecreasing and quasi-convex in inputs. The function by guest on April 29, 2016 jht.sagepub.com Downloaded from takes the value of less than or equal to one if (x t , y t ) belongs to the feasible production set,
belong to the "frontier" of the production possibility set. To estimate efficiency, we assume that the distance function in (1) follows a translog functional form, which for the case of M outputs and P inputs can be expressed as follows: (2) ln ( Equation (3) has the same functional form as the traditional SF production models commonly used in the literature. Coelli et al. (2005) provide a detailed discussion of the similarities between the Bayesian output distance function and the SF functional form, hence not discussed here. As noted by Lovell, Richardson, Travers, and Wood (1994) , the choice of the normalized output ensures homogeneity and symmetry conditions are satisfied. We therefore normalize the output distance function by the Mth output.
1 We also let the inefficiency term (u) in (3) varies with some exogenous variables (zs). This would provide further insights on the source of efficiency variation between the different states and territories.
We use four inputs (the number of persons employed, number of establishments, bed spaces, and the number of rooms) and three outputs (the number of room nights occupied, average length of stay, and operational revenues) in our study. The selection of these input and output variables was driven by two criteria. First, they are the main source of labor expenditures, capital expenditures, 2 and
by guest on April 29, 2016 jht.sagepub.com Downloaded from operational revenues in a hotel. Second, they have been used in most related studies in the literature (Anderson, Fish, et al., 1999; Anderson, Lewis, et al., 1999; Anderson, Randy, et al., 1999; Assaf et al., 2010; Barros, 2006; Barros & Alves, 2004; Bell & Morey, 1995; Brown & Ragsdale, 2002; Chen, 2007; Hwang & Chang, 2003; Morey & Dittman, 1995; Reynolds, 2003; Shang, Hung, Lo, & Wang, 2008; Wang et al., 2006) .
As mentioned, we also use in this study exogenous variables that were selected based on the extant literature and includes the international attractiveness of each state and territory, percentage of large accommodation providers in each state and territory, and economic growth of each state and territory (GDP; see Barros, 2006; Chen, 2007; Shang et al. 2008; Wang et al. 2006) . It is important to emphasize that the focus of this article is on the industry and not on individual firms. As such, it is important that the exogenous variables reflect the accommodation industry characteristics of each Australian state and territory. To the authors' knowledge, no previous study has incorporated macro-level variables in explaining efficiency in the accommodation industry in Australia. Clearly, an understanding of the macroeconomic determinants of efficiency at the industry level is important for the formulation and implementation of policies that has impacts on the accommodation industry (Barros & Dieke, 2008) .
The international attractiveness of each state and territory is measured as the number of international visitors to a state or territory and expressed as a share of the total number of international visitors to Australia. In Australia, international visitors are a major segment accounting for about 18.0% of total visitor expenditures (domestic plus international). The literature provides evidences that international tourists usually stay longer and generate more spending in many tourism destinations (Rosenbaum & Spears, 2006; Thrane & Farstad, 2011) . Thus, accommodation properties that are located in internationally attractive states are expected to generate higher revenue from the sale of rooms and other hotel services. Support for this claim also comes from Bernard and Jensen (1999) and Wagner (2005) , who argue that firms that are able to sell their products to foreign customers are more productive than domestically oriented firms, mainly due to the extra revenues that they can generate. Accommodation properties that have a high percentage of international sales are also able to generate new directions from international tourists and from their experience on international markets. Indirectly, such conditions will also help them improve their performance and strengthen their competitive position in the domestic market (Assaf & Knežević, 2011) .
Several studies have assessed the impact of size on the performance of firms. It is argued that large firms have the capacity to be more efficient, because they can use more specialized inputs, coordinate their resources better, and reap the advantages of economies of scale (Alvarez & Crespi, 2000) . There are however some studies that argue that small firms can be more efficient, as they have flexible, nonhierarchical structures and do not operate in a monopolistic environment that generally creates a lower incentive to improve performance (e.g., Jovanovic, 1982) . In the accommodation industry, studies assessing the impact of size have also come to different conclusions (Barros & Dieke, 2008; Brown & Ragsdale, 2002) , especially when the results were tested in different countries. In fact, some studies argue that in the case of a developing economy, firms may be more profitable if they increase their size or join a larger group to make up for any external market failures (Ghemawat & Khanna, 1998; Khanna & Palepu, 2000) .
With all these contradictory arguments, it is important to provide further supporting evidence about whether accommodation property size has an important impact on efficiency. As the focus here is on the state level, the impact of size can be assessed by taking the percentage share of large accommodation properties in each state and territory. It is expected that states and territories that have a higher percentage of large hotels are more efficient.
DATA SOURCES AND DESCRIPTION
Data on all the above input, output, and exogenous variables were collected separately for each of the following accommodation sectors analyzed in this study: The data series for each of the inputs and outputs is available on a quarterly basis, and is also seasonally adjusted.
3 Data on the variables used in this study were collected directly from the ABS and Tourism Australia database. Specifically, the study uses the tourism accommodation statistics from the ABS, which contains the results from an ongoing quarterly survey of the Australian accommodation industry. The data series is reported for each state/territory in Australia and by tourism regions as defined by the respective state/territory tourism commissions. Data are available on a quarterly basis from 1998 to 2009. Table 1 provides some summary statistics of the data.
RESULTS AND DISCUSSION

Measuring Efficiency in the Accommodation Industry
The Bayesian estimation of the model involved 60,000 draws after discarding the first 20,000 as a burn-in. For the purpose of comparison, we tested whether a fixed effect model provides a better fit than the random effect model. We compared the two models using the deviance information criterion (DIC) test (Spiegelhalter, Best, Carlin, & van der Linde, 2002) . A model with a smaller DIC is considered to be a better fit. The results indicate that the random effect model has a DIC of -110.12 compared with a DIC of -70.51 for the fixed effect model. We conclude that the random effect model is superior and hence proceed to estimate the Bayesian model within a random effect framework.
Given that the accommodation industry consists of three sectors, namely, the hotel sector, the guest house and motel sector, and the serviced apartment sector, we proceed to estimate the Bayesian posterior regression estimates for these three sectors. Table 2 reports the posterior estimates of the model. The results indicate that, across the three sectors, the models perform well with most coefficients being correctly signed and statistically significant. Table 3 reports the efficiency estimates across the three sectors in the accommodation industry. These results have been averaged over different years under analysis. The last row represents the overall average. We can see that the hotel sector seems to be the best performer for most years and has the highest average, operating at 82%. Between the other two sectors, the guest house and motel sector has the higher overall average efficiency. The difference in efficiency between the serviced apartment sector and the hotel sector is around 5% and between the guest house and motel sector and the hotel sector only 2%. Table 4 reports the results for each of the different accommodation sectors across the various states and territories. For the hotel sector, each column in this table represents a different state and territory. The last row represents the average efficiency score for each state and territory over the period of this study. It is clear that the state of NSW has the most efficient hotel sector followed by VIC and QLD. The average efficiency for NSW is nearly 88%, which indicates that the hotel sector in this state is around 12% from achieving maximum efficiency. Out of the different states, SA and TAS have the lowest efficiency on average. The NT has the lowest efficiency in the sample. From Table 4 , it is also clear that all states and territories generally achieved an increase in efficiency between 1998 and 2009. Those that achieved the highest efficiency increase are SA, WA, and TAS, with WA improving the most. However, it is important to note that between 2007 and 2009 several states experienced an efficiency decline, probably due to the impact of the economic crisis. Table 5 reports the efficiency estimates for the guest house and motel sector across the different states. Again, they are averaged over different time periods. NSW has the highest average efficiency score on this sector. This is followed by WA, ACT, QLD, and VIC, in that order. For NSW, the state is now around 11% from achieving full efficiency. SA and the NT, which have the lowest efficiency on the guest house and motel sector, are around 32% from achieving full efficiency. The average efficiency scores indicate most states and territories have achieved an increase in efficiency between 1998 and 2009. Those that have achieved the highest increase in efficiency are QLD, WA, and ACT, with WA again having the highest average efficiency. On the other hand, SA and NT experienced the lowest increase in efficiency and were generally the least efficient across all the years under analysis.
The efficiency results from the serviced apartment sector are expressed in Table 6 . The ACT, NSW, QLD, and VIC are again the best performers. VIC, in by guest on April 29, 2016 jht.sagepub.com Downloaded from Table 7 reports the Bayesian regression results of the determinants of inefficiency across sectors in the accommodation industry. We run three separate regressions for each of the accommodation sectors under analysis. Given that we specify an inefficiency model, the coefficients of the variables in the model imply that an increase in these explanatory variables is associated with a decrease in inefficiency in production. The signs of the coefficients of the explanatory variables are as expected. The empirical results seem to favor those states and territories that have major international attractions for visitors into Australia. They also have the biggest share of larger accommodation establishments in terms of number of rooms.
As highlighted above, accommodation properties of a larger size usually have strong economies of scale and can generate additional savings. Finally, the results indicate that accommodation properties that are located in states and territories that have better economic conditions are more efficient. Initially, this result was expected as a strong economy helps attract more investments into the area. It also helps improve the infrastructure required to attract more international visitors to the area. The above findings provide an insight into the rationale for WA experiencing the highest efficiency increase in both the hotel sector and the guest house and motel sector and also achieving the second highest increase in the serviced apartment sector. Over the last few years, the state recorded the highest economic growth among all Australian states and territories (IBISWorld, 2009) . From this finding, it is also not surprising that the ACT seems to perform strongly, despite the fact that it has a low percentage of international tourists and also a low percentage of large accommodation properties. The economy of this territory was also one of the best performing economies among all Australian states in the last few years. Most accommodation properties in this territory are located in Canberra, which is the capital city of Australia. Given that Canberra is also the main center for government administration and defense, this helps attract many meeting and convention customers to hotels in the area.
CONCLUSION
This study provided, for the first time, a rich analysis of the efficiency of the Australian accommodation industry across various states and territories. We used the distance function approach, which allows for the inclusion of multiple outputs. We showed that the hotel sector is the most efficient accommodation sector in Australia, followed by the guest house and motel sector and the serviced apartment sector. We also showed that NSW, VIC, QLD, and the ACT are the most efficient across the three accommodation sectors included in the study. On the other hand, SA, TAS, and the NT are the least efficient. The study also discussed the degree of improvement in efficiency for the various states and territories. Furthermore, the study analyzed the sources of efficiency variations between the various states and territories. We showed that those states or territories that are more internationally attractive, have a higher percentage of large accommodation properties, and possess better economic conditions are better performers.
These findings could be of particular importance to tourism policy makers in the various states and territories. There was always a call for a study that benchmarks the Australian accommodation industry; however, none of the previous studies in the literature has addressed this issue. Therefore, we expect the results of this study to be used as a starting point for further investigation into the performance of the industry. The low efficient states and territories can benefit from the results by investigating the sources of efficiency advantage in the more efficient states and territories. The low performing states might also consider investigating how some states and territories have achieved a strong improvement in efficiency on each of the sectors analyzed. Investors in the industry might also use the results as guidance for future investments. For example, investors might want to consider opening new properties in states that are internationally attractive to international tourists, as these states seem to enjoy higher performance.
Tourism associations in each state, particularly the low performing ones, might also consider increasing the percentage of large accommodation providers to help improve the overall performance of the industry. They might also need to promote their tourism industry better to international tourists in order to attract stronger sources of revenues. It seems also that some sectors like the serviced apartment sector need more attention than other accommodation sectors. Currently, this sector in Australia still lacks consistency and clarity in the ratings, a lack of understanding by the wider investment community, and a lack of market representation. Future research will extend the analysis to include other accommodation sectors in the analysis of technical efficiency in the Australian accommodation industry.
NOTES
1. Note that we also imposed the regularity condition of monotonicity and curvature on the distance function as discussed in O' Donnell and Coelli (2005) .
2. Both labor expenditure and capital expenditure constitute a major component of the total expenditures on inputs.
3. We investigated the correlation between the various inputs and outputs but there was no evidence of collinearity in the variables.
